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NEED OF FARM WEIRS 



In the arid west vast sums of money haye been expended in the con- 
struction of ditch and canal systems to carry water to the lands where 
the rainfall is either insufficient or too uncertain for profitable agri- 
culture, and the farmers have spent a still greater amount for pre- 
paring the land for irrigation and for purchasing "water rights," 
which entitle them to a certain amount of water. The value of the 
water has increased with the development of the country and now 
there is a general demand that the water be measured from the ditch 
to the irrigator as well as from the stream to the main canal. This is 
an important step toward better business methods in the management 
of canal systems and farms, and calls for accurate and reliable infor- 
mation coneerning devices suited to the measurement of compara- 
tively small streams of flowing water. 



The "weir" is one of the most commonly used devices for this 
purpose. A bulkhead or wall built across a ditch or stream, with an 
opening cut in the top of the wall through which the water is allowed 
to pass, is called a "weir" and the opening is called the "weir notch." 
The bottom or horizontal edge of the notch is called the "weir crest." 
The portion of the ditch immediate^ upstream from the bulkhead 
is the "weir box" or "weir pond." The height of the water surface 
in the weir pond above the weir crest is the "head." When the 
water flows over the crest into the air before it strikes the surface 
of the water in the ditch downstream from the bulkhead, it is said 
to have "free fall." The weir notch must have a definite shape and 
should be of definite length, such as 1^ feet, 3 feet etc., to facilitate 
the use of tables for determining the c][uantity of water. The hori- 
zontal distance from the end of the weir crest to the side of the pond 



Note. — The work on which this bulletin is based was done in the hydraulic laboratory at Fort Collins, 
Colo., imder a cooperative agreement between the Office of Experiment Stations, United States Department 
of Agriculture, and the Colorado Agricultural Experiment Station. 

For a technical report on the experimental data see Journal of Agricultural Research, Vol. V. No. 23, 
March 6, 1916. ^ „ , 

The purpose of this bulletin is to give practical directions for the construction and use of the smaller sizes 
of weirs, such as are suited to the measurement of water on irrigated farms. 
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is called " end contraction," and the vertical distance from the crest 
to the bottom of the pond is called "bottom contraction." When 
these contraction distances are great enough to cause a pondlike con- 
dition, which permits the water to approach the weir notch without 
any appreciable velocity, the weir is said to have "complete con- 
tractions." These contraction distances should be at least equal to 
twice the head H. 

The weirs described in this bulletin are the rectangular, Cipolletti, 
and 90° triangular-notch types, with free fall, sharp crests, and com- 
plete contractions. The discharge formulas for these weirs are not 
confined to the Umits imposed upon old formulas. They are cor- 
rect for high as well as low heads, at least within the range given in 
the tables.' However, in order to lessen the cost of materials for 
constructing the weirs, the dimensions of the weir boxes, as given in 
Table 1, are less than required for complete contractions, and there- 
fore the discharges over these weirs will be greater than represented 
by the formula or discharge tables. The excess reaches a maximum 
of only about 1 per cent for the higher heads, and consequently can 
be ignored for practical conditions. 

To determine the quantity of water flowing at any time, read the 
gauge, which gives the "head" or depth of water flowing over the 
weir notch, and turn to the discharge table in this bulletin for the 
type of weir used. If the head is measured in feet and decimals, 
find it in the first column, or if measured in feet and inches, find it 
in the second column, and following along this line to the right, find 
the ntmiber in the column for the length of weir crest used. This 
number will be the flow in cubic feet per second, which may be 
changed into miner's inches — or statute inches — by multiplying by 
the number of miner's inches equal to a cubic foot per second, as 

fiven in the table of hydraulic equivalents on the last page of this 
uUetin. 

ADVANTAGES AND DISADVANTAGES OF WEIRS WITH COMPLETE 

CONTRACTIONS 

The principal advantages and disadvantages of the types of weirs 
described herein may be stated as follows : 

Advantages. — They are (1) accurate; (2) they are simple and 
may be constructed by the farmer; (3) they permit moss and floating 
trash to pass through the ditch without great danger of interfering 
with the measurement of the water; '(4) they are durabfe and 
require no adjustment for proper operation, for there are no working 
parts; (5) a single measurement of nead, H, is sufficient to determine 
the discharge; and (6) the weir is not easily tampered with. 

Disadvantages. — (1) They require a considerable pondage above 
the weir; (2) they can not be used where there is only a slight 
grade to the ditch; (3) they are not adapted to ditches that carry 
much sand and silt; and (4) practically all undesirable conditions, 
such as accumulation of sand and silt above the weir, water approach- 
ing the weir with very appreciable velocity, or injury to the weir 
crest, tend to give a greater flow of water than that indicated in 
the tables. 



lA full discussion of the experiments upon whlcU these formulas are based is con- 
tained in Journal of Agricultural Hescarch, vol. 5, No. 23, Mar. 6, 1918. 
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WEIR BOX AND WEIR POND 

When properly constructed either of the three types of weirs de- 
scrilied herein is reliable and accurate for the measurement of flow- 
ing water. They may be placed in any ditch or canal having suffi- 
cient fall, but it IS necessary that the ditch be made wider and deeper 
for some distance upstream from the weir notch. This enlargement 
is for the purpose of making practically a stUl-water condition before 
water flows over the weir. The weir box or weir pond, which is im- 
mediately upstream from the weir notch, has a uniform length, width, 




Fig. 1. — Weir box with rectangular weir notch. 

and depth as given in Table 1, and commencing at approximately 15 
feet upstream from the weir the ditch must be enlarged gradually 
from the regular size of the ditch to the full size of the weir box. 
The length of this tapering enlargement, stated as 15 feet, really 
needs to be greater or less as the flow in the ditch is large or small 
as compared to the size of the weir notch, and it will depend also 
upon the size of the ditch and the velocity of the water in the ditch. 

Where the available grade in the ditch is not great enough to give 
the required depth of pond by raising the banks for a distance of 50 
to 100 feet back from the weu-, the bottom may be lowered and the 
hanks raised only enough to give a free faU below the weir notch. 
However, the weir pond, whether a box or an enlargement of the 
ditch, must not be allowed to fill with silt and sediment or other 
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d6bris. The water must approach the weir in straight lines without 
swirling or eddy currents. 

A weir box may be built as shown in Figxu-e 1, or a bulkhead may be 
placed in an enlargement in the ditch as shown in Figure 2. This 
latter arrangement will permit cleaniag of the pond with teams and 
scrapers, and is easy and inexpensive to construct, but because of the 
slopmg banks the water surface must be wider than where a box is 
built with vertical sides. The bottom of the ditch for a short dis- 
tance downstream from the weir sliould be lined toprevent scouring 
due to the water falling over the weir notch. Where a complete 
weir box is built of timber or concrete it looks well and has greater 
permanency, but it is more costly and more difficult to clean. 

For cleaning, a small hole with sliding gate should be placed near 
the bottom of the bulkhead. A floor or apron, as given in column K 




Fig. 2.— Weir pond and bulkhead with weir notch. 



in Table 1, constructed of the same material as .the weir box, over- 
comes the necessity for lining the ditch with rock below the weir. 
Precautions should be taken to prevent water from washing under 
the bottom or around the sides of the box. For most soils, if the 
earth is puddled with wat-er as it is filled around the box, it will be 
safe; but where it is sandy or likely to wash or the ditch is subject 
to damage by burrowing animals a cut-off wall of sufficient size to 
prevent such damage should be placed under the bottom and at the 
sides near the upper end of the. box. The height of the weir crest 
above the bottom of the ditch downstream from the weir notch will 
depend upon the size and grade of the ditch, but this height must 
be such that when the greatest quantity of water is flowing over the 
weir the water level in the ditch downstream will be below the crest. 
This is to permit the free passage of air between the bidkhead and 
the sheet of overpouring water, which is the required condition for 
free flow. 

Table 1 (p. 9) gives the sizes of weirs best adapted to measuring 
flows of water varykig from one-half to 22 cubic feet per second, and 
the proper dimensions for each size of rectangular, CSpoUetti, and 90° 
triangular notch weirs. 
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As previously stated, using the weir boxes specified in Table 1 will 
give results within 2 per cent of correct. If smaller boxes are used 
the actual discharges will be larger than those given in the tables. 

Tables 3 and 4 show the percentage increase in discharge caused 
by weir boxes smaller than required for complete contractions, for 
rectangular and CipoUetti weirs having crest lengths from 1 to 4 feet, 
and with heads of six-tenths and 1 foot. 

If the smaller boxes are used discharges should be read from the 
tables and increased by the percentages given in Tables 3 and 4. 

WEIR CRESTS AND SIDES 

Weir crests and sides should be true, straight, and rigid. The crest 
must be level, the sides must be set to the proper angle with the crest, 
and carefully spaced to give the correct length of crest, as indicated 
by "L" in Figure 1 and Table 1. The 90° triangular notch has no 
length of crest because the sides meet at a point. 

It is not necessary that the sides and crest be sharpened to a knife 
edge, but the edge of the crest on the upstream side must be sharp in 
the sense that it is not rounded. If a depth of water not less than 3 
inches is to be run over the weir, the crest thickness on the edge may 
be as great as one-fourth inch without the water adhering to the crest, 
provided the inner edge is sharp. However, if the crest is beveled, 
this bevel must be placed on the downstream side, for the upstream 
face of the crest and of the bulkhead which holds the crest must be 
even and in a vertical position. The downstream face of the opening 
in the bulkhead must be beveled outward and downward about 45° 
to insure free passage of air under the sheet of water as it flows 
over the weir. 

Instead of cutting the notch in the bulkhead to just the size desired 
and leaving this rather rough edge to serve as the crest and sides of 
the weir notch, it is better to make the opening in the bxilkhead at 
least li inches deeper and 3 inches wider than the desired size of weir 
opening. This will permit attachment of crest and side strips to the 
bulkhead so as to project about 1 J inches all around, making more per- 
fect edges, and the overpouring sheet of water wiU not touch the 
bulkhead. 

Wood may be used for the crest and sides, but, as it is apt to warp, 
wear, and laeoome splintered, metal is preferable. For the smaller 
sizes of weirs the proper weir opening may be cut out of a single 
sheet of metal which may be fastened to the bulkhead. For the 
lai^er weirs crests and sides made from separate strips of metal hav- 
ing the edges filed true are more practical. This metal should be 
fairly heavy, to prevent the strips from bending and getting out of 
alignment easily. A more durable crest may be made of IJ-inch 
angle iron cut to the required lengths and set into the bottom and 
sides of the opening cut in the bulkhead. One face of the angle 
iron will be flush with the upstream side of the bulkhead and the 
other face will be fastened securely into the opening in the bulkhead. 
The edge over which the water wiU pass therefore will project 1^ 
inches from the opening in the bulkhead, and should be made true 
with squared edge. 

If strips of wood are used for the crest and sides, they usually are 
fastened to the upstream face of the bulkhead for convenience, but 
in this case these strips must not be narrow, as this would give a pro- 
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jection the thickness of the strip, which will reduce the accuracy of 
the measurement of the water. With whatever type used the joints 
formed by the sides and crest must fit nicely without leaving a crack 
and without causing an offset. 

WEIR GAUGE 

The weir gauge, which is used to measure the depth of water 
flowing over the weir crest, may be an ordinary "ruler" or a hard- 
wood stick graduated to feet and inches, but it is preferable to have 
it graduated to feet, tenths, and hundredths of a foot. It should 
be set upstream from the weir notch a distance ("F" in fig. 1 and 
Table 1) at least four times the maximum depth of water "H" 
to be run over the crest, or, if placed on the weir bulkhead, the 
distance " C," measured out from the end of the weir crest, should 
be at least two times the depth "H." If a complete weir box has 
been built, the gauge may be fastened to the bulkhead or the side 
of the box, as indicated in Figure 1. If, instead of a weir box, an 
enlargement has been made in the ditch above the bulkhead, the 
gauge may be attached to a solid post set just far enough from 
the bank to insure that it always wiU be in the water. If a perma- 
nent gauge is not desired, a block or other solid support should be 
provided at the proper distance from the weir upon which to set a 
scale when taking readings. 

The reason for placing the gauge as described is that the depth 
of water "H," from which the flow over weirs is computed, is 
measured verticaUy from the weir crest to the horizontal plane of 
the still-water sunace in the weir pond upstream from the weir. 
There is a decided curving downward of the water surface near the 
weir notch, and it is necessary to get beyond the effect of this curva- 
ture, called "draw down," in order to get the correct depth of water 

The zero of the gauge should be set level with the weir crest for 
rectangular and Cipolletti weirs and with the lowest point in the 
90° triangular notch, which has no real crest; but this level should 
not be determined by allowing the water to start to flow over the 
weir crest and marking the zero of the gauge from that water level, 
for, in fact, the water level must be appreciAly higher than the crest 
before it will pour over the weir. It would be better to set the 

fauge with a good carpenter's level and straight-edge. Furthermore, 
efore the beginning of each, irrigation season, or oftener, the position 
of the weir crest and sides and the gauge should be checked carefully, 
for frost action or settlement in the wet soil may have altered their 
original position and dimensions. 

Where a hook gauge or an automatic recording gauge is to be used 
in connection with the weir, a water-tight stifl-box or gauge well 
should be provided outside oi the weir box and connected to the weir 
box by means of a pipe laid through the bank below the level of the 
weir crest. The stul-box should be placed upstream from the weir 
notch, a distance at least as great as shown in column "F" in Table 
1, and should be at least 1 foot deeper than inlet of the pipe to prevent 
silt accumulation from stopping the free passage of water through 
the pipe. The pipe and box should be cleaned occasionally. The 
purpose of the box is to provide a still-water surface at the same level 
as the water in the weir box. 
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FiQ. 3. — 12-inoh rectangular weir. 



In order to obtain a correct measurement of the water flowing 
over a weir, it is very necessary that the depth of water "H" be 
determined accurately. This means that the gauge must be placed 
accurately and read carefully. The error caused by misreading the 
gauge 0.01 foot, or slightly less than one-eighth inch is shown in 
Table 2. 

RECTANGULAR WEIRS 

The name is taken from the shape of the weir notch, shown in 
Figure 3. This weir is also known sometimes as the Francis weir. It 
is one of the earliest forms of weirs used and really is the type from 
which all other forms have been developed. Because of the sim- 
plicity, ease of construction, and accuracy 
with which the crest and sides may be set 
with the implements ordinarily at hand, 
this type of weir demands a wider use than 
it has received in the past few years. It 
is equally as accurate as the other types. 
The crest is .placed in a horizontal position 
and the sides extend vertically above the 
crest. The angle formed therefore is a 
right angle, which permits the weir to be set easily and accurately 
by means of a carpenter's square and level. The sides must be 
placed carefully to give the desired length along the crest. Table 
5 gives the discharge over rectangular weirs from 1 to 4 feet in 
length, computed from the formula based upon accurate tests. 

CIPOLLETTI WEIRS 

This type of weir is trapezoidal in phape, but the name "Cipolletti" 
is that of^the Italian engineer who proposed its use. As shown ia 
Figure 4, the crest of the weir must be level, and the sides j)laced on a 
slope of 1 to 4, meaning one unit horizontal to four units vertical. 
The notch is larger than a rectangle with the same crest length. 

It is seen readily that the Cipolletti type of weir, or in fact any 
weir haviug sloping sides, is neither so easy to construct nor so easy 
to check later for accuracy as is the rectangular weir. The great 
popularity of the Cipolletti weir is due somewhat to its having been 

proposed at a time wlion the use of weirs 
for measuring irrigation water was being 
considered, but principally because the 
angle which the sides make with the crest 
was supposed to make the flow over the 
weir proportional to the length of the 
crest. In other words, the flow for a cer- 
tain head on a 2-foot weir was supposed 
to be twice the flow over a 1-foot weir for 
the same depth of water, which would require but a simple weir 
table for field use. Recent experiments, however, prove that the 
flow over Cipolletti weirs is not proportional to the length of the 
crest, which apparently refutes the prmcipal argument in its favor. 
However, if the sides are placed properly with respect to the crest, 
and other conditions are observed fuUy the flow can be measured as 
accurately over a Cipolletti weir as over a rectangular weir, if the 
accompanying weir tables, or formula, are used. It is all right, 
therefore, to use a Cipolletti weir if constructed properly, but where 




Fig. 4. — 12-inch Cipolletti or trape- 
zoidal weir. 
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a weir is to be constructed, tbe rectangular should be chosen in 
preference to the CipoUetti type. Table 6 gives the discharge over 
CipoUetti weirs from 1 to 4 feet in, length, computed from formula 
based upon, accurate tests. 

90° TRIANGULAR-NOTCH WEIRS 

This type of weir deserves to be more widely used than at present 
for the measurement of small quantities of water to the irrigator. 
If the fall is available it may be used for flows as great as 14 second- 
feet, which would be obtained with a depth of practically 2 feet of 
water above the vertex, or lowest point, of the angle formed by the 
sides. However, conditions usually are not favorable for its use for 
such large heads, and Table 7 gives the discharge for heads up to 
1.25 feet. Since the sides meet at a point with no length of crest, a 
small flow of water that would not pass over one of the other weirs 
without adhering to the crest and therefore making the measurement 
worthless, will now free in the 90° triangular notch and may be 
measured accurately. The 96° triangular notch is especially appli- 
cable from the smallest flow up to 2 or 3 cubic feet per second. Be- 
cause of the greater depth of water re- 
quired for this type of weir to discharge 
a given quantity of water, and the conse- 
quent greater loss of grade, one of the 
other types of weirs usually will be better 
adapted to large quantities of water. 

Experiments have shown that the rec- 
tangmar and CipoUetti weirs with 6-inch 
crest lengths do not follow the same laws 
Tig, 6.-Ninej:y.deg^^e triangular discharge as the longer weirs, and the 

discharge formulas given in this bulletin 
for these weirs do not apply to weirs with a crest length of 6 inches. 
Therefore, where only a small flow of water is to be measured the 
use of the 90° triangular notch is especially recommended. 

The sides of the 90° triangular notch may be set readily by means 
of a carpenter's square and level. The notch can be marked out 
properly by placing the point of the angle between the arms of a 
carpenter's square at a point which is to be the bottom of the notch 
and adjusting the square so that the same figures on both arms of 
the square are at the edge of the board, then n the board is set level 
the notch will be in the proper position, the sides the same slope. 

Table 7 gives the discharge over the 90° triangular notch, com- 
puted from the formula based upon accurate tests. 

UNITS OF MEASURE 

The cubic foot fer second, called second-foot, is a unit of measure 
for flowiug water. When a stream discharges 1 cubic foot of water 
in one second there is a second-foot flow. 

The acre-foot is a unit of measure for standing water, and is that 
volume which will cover 1 acre 1 foot deep. An acre-inch is of an 
acre-foot, or the volume which will cover 1 acre to a depth of 1 inch. 

The miner's inch is unsatisfactory and should lose favor as a 
unit for measuring water, because it is not a definite quantity. It 
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varies with the conditions tinder which it is used, and therefore is 
being replaced by the second-foot. In several of the Western States 
the miner's inch has been defined by law as being a certain fractional 

Eart of a second-foot, and these values are given in the table of 
ydraulic equivalents on page 14. 

Table 1. — Weir-box dimensions for rectangular, Cipolletti, and 90° triangular 

notch weirs 

[All dimensions in feet. The letters at the heads of the columns in this table refer to Figure 1] 
EBCTANGULAE AND CIPOLLETTI WEIRS 





H 


L 


A 


K 


B 


B 1 


C 


D 


F 2 


G" 


Plow (second-feet) 


Maxi- 
mum 
head 


Length 
of weir 
crest 


Length 
of box 
above 
weir 
notch 


Length 
of box 
below 
weir 
notch 


Total 
width 
of box 


Total 
depth 
of box 


End of 
crest 
to side 


Crest 

to 
bottom 


Hook- 
guage 
dis- 
tance 


Hook- 
guage 
dis- 
tance 


ito3 


1.0 


1 


6 


2 




? 


2i 


2 


4 


2 


2to6- 


1. 1 




7 


3 


2i 
2i 


5 


2 


4to8 


1.2 


8 


4 


ll^ 


f 


if 


f 


6tOl4 


1.3 


3 


9 


6 




3i 
3i 




10 to 22 


1.6 


4 


10 


6 


14 


6i* 


f 


3 



















lO" TRIANGULAR NOTCH WEIR 



JtoS 
2to4 



1.00 
1.26 



6i 



2 
2i 



1 This distance allows for about ^- foot freeboard above highest water level in weir box. 

2 Equals distance from crest upstream to gauge. See F in Figure 1. 

' Equals distance from end of crest over to gauge. See G in Figure 1. 



Table 2. — Percentage of error in discharge caused by 0.01 foot error in reading 

the head 



Head 


Length of weir crest 


90° notch 


Ifoot 


1.5 feet 


2 feet 


3 feet 


4 feet 


Feet 
0. 20 
.30 
.50 
.70 
.90 
1. 10 
1.26 
1.50 


Feet inches 
0 2i 
0 3f 
0 6 
0 81 

0 10ft 

1 1« 
1 3 

1 6 


Per cent 
7.2 
6. 0 
3.5 
2. 1 
1.8 


Per cent 
7. 5 
5. 1 
3. 2 
1.9 
1.8 
1.4 


Per cent 
7.5 
5. 1 
3.0 
2. 1 
L8 
L3 


Per cent 
7. 6 
5. 6 
2.9 
2. 2 
1.7 
1.3 
1. 1 
.9 


Per cent 
7. 6 
4. 8 
2. 9 
2. 2 
1. 7 
L3 
1. 1 
1.0 


Per cent 

8. 5 
5. 0 
3. 9 
2.9 
2.2 
2. 1 
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Table 5. — Discharge tables for rectangular weirs with complete contractions 

Computed from the formula Q=3.247£ J/'-'i-^ ^g ^iI b^-' 



Head 
in 
feet 


Head 

in 
inches 


Discharge in cubic feet per second 
for crests of various lengths 


Head 
in 
feet 


Head 

in 
inches 


Discharge in cubic feet per second 
for crests of various iengths 


1 foot 


l.Sfeet 


2 feet 


3 feet 


4 feet 


Ifoot 


1.5 feet 


2 feet 


3 feet 


4 feet 


0.20 


21 


0.291 


0. 439 


0. 588 


0. 887 


1. 19 


0.86 


10ft 


2. 46 


3. 72 


5 01 


7. 59 


10 19 


.21 


^ 


. 312 


. 472 


. 632 


. 954 


1. 28 


.87 


10ft 


2. 50 


3. 79 


5. 10 


7. 72 


10. 36 


.22 




. 335 


. 605 


. 677 


1. 02 


1! 37 


.88 


10ft 


2. 54 


3. 85 


5. 18 


7. 85 


10. 54 


.23 


2| 


. 368 


. 639 


. 723 


1. 09 


£46 


.89 


lOH 


2. 58 


3! 92 


5. 27 


7' 99 


10. 71 


.24 


2i 


. 380 


. 674 


.769 


1. 16 


1. 66 


.90 


lOri 


2! 62 


3] 98 


6. 35 


8. 12 


10. 89 


.25 


3 


.404 


. 609 


.817 


1. 23 


1. 66 


.91 


lOH 


2. 67 


4. 05 


6. 44 


8. 25 


11 07 


.26 


^ 


.428 


. 646 


.866 


1. 31 


l!75 


.92 


lift 


2. 71 


4. 11 


5. 53 


8. 38 


1 1. 25 


.2? 


si 


.452 


. 682 


.914 


1. 38 


1. 85 


.93 


lift 


2. 75 


4! 18 


5* 62 


8. 52 


1 1. 43 


.28 


31 


.477 


. 720 


.965 


1.46 


1. 95 


.94 


Hi 


2. 79 


4! 24 


5! 71 


8. 65 


11. 61 


.29 


H 


. 502 


. 758 


1. 02 


1. 63 


2. 05 


.95 


Hi 


2" 84 


4] 31 


5] 80 


8. 79 


11. 79 


.30 




. 627 


. 796 


1. 07 


1. 61 


2. 16 


.96 


11-1 


2. 88 


4. 37 


5. 89 


8. 93 


11. 98 


.31 


3} 


. 653 


. 836 


1. 12 


1. 69 


2. 26 


.97 


llf 


2. 93 


4! 44 


5. 98 


9. 06 


12. 16 


.32 


3H 


.580 


.876 


1. 18 


1. 77 


2. 37 


.98 


Hi 


2. 97 


4. 51 


6. 07 


9. 20 


12. 34 


.33 


m 


.606 


.916 


1. 23 


1.86 


2. 48 


.99 


Hi 


3] 01 


4. 57 


6. 15 


9. 34 


12. 53 


.34 


4A 


.634 


.957 


1. 28 


1.94 


2. 60 


1.00 


12 


3.06 


4. 64 


6. 25 


9! 48 


12. 72 


.36 


4A 


.661 


.999 


1. 34 


2. 02 


2.71 


1.01 


I2i 




4. 71 


6. 34 


9* 62 


12. 91 


.36 


4ft 


.688 


1. 04 


1. 40 


2. 11 


2. 82 


1.02 


12i 




4. 78 


6. 43 


9. 76 


13. 10 


.37 


4A 


.717 


1. 08 


1. 46 


2. 20 


2. 94 


1.03 


12} 




4. 85 


6. 52 


9. 90 


13. 28 


.38 




.745 


1. 13 


1. 61 


2. 28 


3. 06 


1.04 


12* 




4' 92 


6. 62 


]0. 04 


13' 47 


.39 




.774 


1. 17 


1. 57 


2. 37 


3. 18 


1.06 


I2I 




4! 98 


6. 71 


10. 18 


13. 66 


.40 


Mi 


. 804 


1. 21 


1. 63 


2. 46 


3. 30 


1.06 


12} 




6. 05 


6. 80 


10. 32 


13. 85 


.41 


4« 


. 833 


1 26 


1 69 


2. 66 


3 42 


1.07 


12}f 




5 12 








.42 


6A 


!863 


l!30 


L75 


2! 65 


S.M 


1.08 


12U 




5 20 


6 99 


10! 61 


14! 24 


.43 


5A 


.893 


1.35 


1.81 


2.74 


3.67 


1.09 


13ft 

13ft 





6 26 


7. 09 


10. 76 


14. 43 


.44 


5| 


.924 


1.40 


1.88 


2.83 


3.80 


1. 10 




5. 34 


7. 19 


10. 90 


14.64 


.45 


61 


.988 


1.44 


1.94 


2.93 


3.93 


1.11 


13ft 




5. 41 


7. 28 


11. 04 


14.83 


.46 




.986 


1.49 


2.00 


3.03 


4.06 


1.12 


13ft 




6 48 


7. 38 


11. 19 


15.03 


.47 




1.02 


1.54 


2.07 


3.12 


4. 18 


1. 13 


13ft 




5 55 




11. 34 


15. 22 


.48 


si 


1.05 


1.59 


2. 13 


3. 22 


4. 32 


1. 14 


13H 




6 62 




11.48 


15. 42 


.49 


55 


1.08 


1. 64 


2. 20 


3. 32 


4. 45 


1. 16 


13il 




5 69 


7 66 


11. 64 


15. 62 


.50 


6 


1.11 


1.68 


2. 26 


3.42 


4.58 


1. 16 


13H 




6 77 


1 7ft 


11. 79 


15. 82 


.61 


«l 


1. 16 


1.73 


2.33 


3.62 


4.72 


1. 17 


14ft 




5 84 




11. 94 


16.02 


.62 


8i 


1. 18 


1.78 


2.40 


3.62 


4.86 


1. 18 


14ft 




6 91 


T Oft 


12.09 


16.23 


.53 


61 


1. 21 


1.84 


2.46 


3.73 


4.99 


1. 19 


14i 




5 98 


8. 06 


12.24 


16.43 


.54 


6i 


1.26 


1.89 


2.63 


3. 83 


5. 13 


1.20 


141 




D. UO 


8. 16 


12. 39 


16.63 


.66 


61 


1.28 


1.94 


2.60 


3.94 


6. 27 


1. 21 


14* 




6. 13 


8. 26 


12. 54 


16.83 


.56 


61 


1.31 


1.99 


2. 67 


4.04 


5. 42 


1. 22 


141 




6. 20 


8. 35 


12.69 


17. 03 


.67 


m 


1. 35 


2.04 


2.74 


4. 15 


6. 66 


1. 23 


14i 




6. 28 


8. 46 


12. 85 


17.26 


.68 
.59 




1. 38 


2. 09 


2. 81 


4. 26 


5. 70 


1.24 


14J 




6. 35 


8. 56 


12. 99 


17. 45 


7A 


1.42 


2. 15 


2. 88 


4.36 


6.86 


1. 26 


16 




6. 43 


8. 66 


13. 14 


17. 65 


.60 


7A 


1.46 


2. 20 


2.96 


4.47 


6.00 


1. 26 


15| 








13. 30 


17.87 


.61 
.62 
.63 
.64 
.65 
.66 
.67 
.68 
.69 
.70 
.71 
.72 
.73 
.74 
.76 
.76 
.77 
.78 
.79 
.80 
.81 
.82 
.83 
.84 
.85 


7ft 
7ft 
7ft 
7M 

m 

8ft 

r 

8i 
8t 
Si 

9i 
9* 
9| 
9i 

m 
m 

lOft 
lOft 


1. 49 
1. 62 
1. 56 
1. 60 
1. 63 
1. 67 
1. 71 
1.74 
1.78 
1.82 
1.86 
1.90 
1.93 

1. 97 
2.01 
2.05 
2.09 

2. 13 
2. 17 
2. 21 
2.26 
2.29 
2.33 
2.37 
2.41 


2.25 
2. 31 
2. 36 
2. 42 

2. 47 
2.53 
2.59 
2.64 
2.70 
2.76 
2.81 
2.87 
2.93 
2.99 
3.05 
3. 11 

3. 17 
3. 23 
3. 29 
3. 35 
3.41 
3.47 
3.64 
3.60 
3.66 


3.03 
3. 10 
3. 17 
3. 26 
3. 32 
3. 40 
3. 47 
3. 56 
3.63 

3. 71 
3.78 
3.86 
3.94 
4.02 
4.10 
4.18 
4.26 
4.34 

4. 42 
4. 51 
4.59 
4.67 
4.75 
4.84 
4.92 


4.69 
4.69 
4. 81 

4. 92 

5. 03 
fi. 16 

6. 26 
6. 38 

5. 49 
t,. 61 
6.73 
6.86 
8.97 
6.09 
6.21 
6.33 

6. 45 
6. 58 
6. 70 
6.83 
6. 95 
7.08 
7.21 
7.33 
7.46 


6.14 
6. 29 
6.44 
6. 59 
8. 76 

6. 90 
. 7.06 

7. 21 
7. 36 

7. 62 
7.68 
7.84 
8.00 
8. 17 
8.33 
8.49 

8. 66 
8.82 
8.99 
9. 16 
9.33 
9.60 
9.67 
9.84 

10.01 


1.27 
1.28 
1. 29 
1. 30 
1. 31 
1. 32 
1. 33 
1.34 
1. 35 
1.36 
1. 37 
1.38 
1.39 
1.40 
1. 41 
1.42 
1.43 
1.44 
1.46 
1.46 
1. 47 
1.48 
1.49 
1.60 


isi 

15t 








13. 45 

13. 61 
13. 77 
13.93 
14.09 

14. 24 
14. 40 
14. 56 
14. 72 

14. 88 
15.04 
15.20 
15.36 

15. 53 
15. 69 

15. 85 

16. 02 
16. 19 
16. 34 
16. 61 
16.68 
16. 86 
17.01 
17.17 


18. 07 
18.28 
18. 50 
18.71 
18. 92 
19. 12 
19. 34 
19. 55 
19. 77 

19. 98 
20.20 
20.42 
20.64 

20. 86 
21.08 
21.29 
21. 52 
21.74 
21. 96 
2% 18 
22.41 
22. 64 
22.85 
23.08 






















16} 

15H 

16}4 

16ft 

16ft 

16ft 

16ft 

16ft 

16ii 

16ii 

16H 

17ft 

if 
i» 

18 

































































































































Construction and Use of Farm Weirs 13 



Table 6. — Discharge tables for Cipolletti weirs with complete contractions 
Computed from the formula Q=3.247 ifP-«- , , „,i,8 gt-9+0.609 B'-^ 



Head 
in 
feet 


Head 

in 
inches 


Discharge in cubic feet per second 
for crests of various lengths 


Head 
in 

feet 


Head 

in 
inches 


Discharge in cubic feet per second 
for crests of various lengths 


1 foot 


1.6 feet 


2 feet 


3 feet 


4 feet 


1 foot 


1.5 feet 


2 feet 


3 feet 


4 feet 


U. ^ 


2f 


0.30 


0.46 


0.60 


0.90 


1.20 


0 86 


lOA 


2.87 


4.14 


6.43 


8.01 


10.60 


. 21 




.32 


.48 


.64 


.97 


1.29 


87 


lOA 


2.93 


4.22 


6.62 


8. 16 


10.79 


• 22 


2f 


.36 


.52 


.69 


1.04 


1.38 


88 


10- 




2.98 


4.29 


6. 62 


8.30 


10.98 


. 23 




.37 


.55 


.74 


1. 11 


1.47 


89 


10 


i 


3. 04 


4.37 


5.72 


8.44 


11.17 


. 24 




.39 


.59 


.79 


1. 18 


1. 57 


90 


10 




3.09 


4.46 


6.82 


8.69 


11.36 


• 25 


3' 


.42 


.63 


.84 


1. 26 


1.67 


91 


lO' 


:i 


3. 16 


4.63 


6.92 


8.73 


11.55 


. 26 


Qi 
Of 


.46 


.67 


.89 


1.33 


1.77 


92 


llA 


3.20 


4.60 


6.02 


8.88 


11.74 


. 27 


3i 


.47 


.70 


.94 


1.40 


1. 87 


93 


uA 


3.26 


4.68 


6.13 


9.03 


11.94 


. 28 




.50 


.74 


.99 


1. 48 


1. 97 


94 


Hi 


3. 32 


4.76 


6.23 


9.17 


12.13 


. 29 


S 


.63 


.79 


1.04 


1. 66 


2. 08 


95 


Hi 


3. 37 


4.84 


6.33 


9. 32 


12.33 


. 30 




.66 


.83 


1. 10 


1.64 


2. 19 


96 


iH 


3. 43 


4. 92 


6. 44 


9. 48 


12.53 


. 31 




.59 


.87 


1. 16 


1.73 


2.30 


97 


111 


3.49 


5. 00 


6. 66 


9. 62 


12.72 


. 32 


off 


.61 


.91 


1.21 


1.80 


2.41 


98 


11- 




3. 66 


6. 09 


6. 64 


9. 78 


12.92 


. 33 


Ol S 


.64 


.96 


1. 27 


1.89 


2. 52 


99 


ii{ 


3. 61 


5. 17 


6. 75 


9.93 


13.12 


• 34 




.67 


1.00 


1.32 


1. 98 


2.64 


1 00 


12 




3.67 


6.25 


6. 86 


10. 08 


13. 32 


. 35 




.70 


1.04 


1.38 


2. 07 


2.76 


1 01 


12i 




5.33 


6. 96 


10. 24 


13. 63 






. 73 


1.09 


1.44 


2. 16 


2. 87 


1 02 


12 






5.42 


7.07 


10 40 


13.73 


37 


^tV 


. 77 


1. 13 


1. 60 


2. 26 


2. 99 


1 03 


12 






6. 50 


7. 18 


10 66 


13.94 


38 


A ,8, 


. 80 


1. 18 


1. 67 


2. 34 


3. 11 


1 04 


124 




6. 69 


7.29 


10.71 


14. 16 


39 


dli 
*lt 


.83 


1.23 


1.63 


2.43 


3. 24 


1 05 


12 


. 




6. 67 


7. 40 


10.87 


14.35 


40 


4it 


.87 


1.28 


1.69 


2. 53 


3. 36 


1 06 


12 






6. 76 


7. 61 


11.03 


14.56 


41 




.90 


1.32 


1.76 


2.62 


3. 49 


1 07 


12-i} 




5.84 


7. 62 


11. 18 


14.76 


42 


e 1 

62 


.93 


1.37 


1.82 


2.72 


3. 61 


1 08 


12« 




5.93 


7. 73 


11. 35 


14.98 


• 43 


.97 


1. 42 


1.89 


2 81 


3.74 




13A 





6.02 


7.84 


11. 61 


16.19 


44 




1.00 


1.47 


1.96 


2.91 


3. 87 


1 10 


13A 




6.11 


7.96 


11. 68 


15.41 


• 


5t 


1.04 


1.63 


2.02 


3. 01 


4. 01 


1 11 


13A 




6.20 


8.07 


11. 84 


16.62 


. 46 


6* 


1.07 


1.68 


2.09 


3. 11 


4. 14 


1. 12 


13A 




6.29 


8.18 


12.00 


15.84 


.47 


4 


1.11 


1.63 


2. 16 


3. 21 


4.28 


1. 13 


13A 




6.37 


8.29 


12. 16 


16.04 


.48 


6| 


1. 15 


1.68 


2.23 


3. 32 


4.41 


1.14 


13 






6.46 


8. 41 


12.33 


16.26 


.49 


6i 
6 


1. 18 


1.74 


2.30 


3.42 


4. 56 


1. 16 


13- 






6. 66 


8. 53 


12. 60 


16.48 


.50 


1.22 


1.79 


2.37 


3. 63 


4.69 


1. 16 


13« 




6. 65 


8. 65 


12. 67 


16.70 


.51 


6J 


1.26 


1.86 


2.44 


3.64 


4.83 


1. 17 


14A 




6. 74 


8. 76 


12.84 


16.93 


.52 


6i 


1. 30 


1.90 


2.61 


3.74 


4.97 


1. 18 


14A 




6.83 


8.88 


13.01 


17.15 


.53 


61 


1. 34 


1.96 


2.69 


3.86 


6.12 


1. 19 


Mi 




6.93 


9.00 


13.18 


17.37 


.54 




1.38 


2.02 


2.66 


3.96 


6.26 


1.20 


14i 




7.02 


9. 12 


13. 36 


17.59 


.86 




1.42 


2.07 


2.74 


4. 07 


5.41 


1.21 


14J 






7. 11 


9.24 


13. 62 


17.81 


.56 


6} 


1. 46 


2.13 


2.81 


4. 18 


6. 56 


1.22 


"14 






7.20 


9.36 


13.69 


18.03 


.67 




1. 60 


2. 19 


2. 89 


4.30 


5.71 


1.23 


14 






7.30 


9. 48 


13. 87 


18.27 


.68 




1.54 


2.26 


2.97 


4.41 


5.86 


1.24 


14} 




7.40 


9.60 


14.04 


18.49 


.69 




1.58 


2. 31 


3. 06 


4. 63 


6.01 


1.26 


16 






7.49 


9.72 


14. 21 


18. 71 


.60 




1.62 


2.37 


3. 13 


4.64 


6.17 


1.26 


16i 








14.39 


18.95 


.61 
.62 
.63 
.64 
.66 
.66 
.67 
.68 
.69 
.70 
.71 
.72 
.73 
.74 
.76 
.76 
.77 
.78 
.79 
.80 
.81 
.82 
.83 
.84 
.85 


IS 

7A 

7A 

7H 

7« 

7« 

8A 

8A 

81 

81 

8i 

8| 

8i 

8| 

91 
9i 
9f 

9|i 
9» 
lOA 

lOA 


1.67 
1.71 

1.75 
1.80 
1. 84 

1. 89 
1.93 

2! 02 

2. 07 
2. 12 
2.16 
2.21 
2.26 
2.31 
2. 36 
2.41 
2.46 
2. fix 
2. 66 
2. 61 
2.66 
2.71 
2.77 
2.82 


2.43 
2.49 
2.66 
2.62 

2. 68 
2.75 
2.81 

2^94 

3. 01 
3.07 
3. 14 
3.21 
3.28 
3. 36 
3. 42 
3. 49 
3. 66 
3. 63 
3. 70 
3. 77 
3.84 
3. 92 
3.99 
4.07 


3.20 
3.28 
3. 37 
3.45 
3. 63 
3. 61 
3.70 
3 79 
3^87 

3. 96 
4.04 
4. 13 
4.22 
4.31 

4. 40 
4.49 
4. 68 
4. 67 
4.76 
4. 85 
4.96 
6.04 
5.14 
6.23 
6.33 


4.76 

4. 88 

5.00 

5. 12 
6.24 
5.36 
6.48 

5! 73 
5. 86 

5. 99 
6.12 
6.24 
6.38 
6.51 
6.64 

6. 77 
6.90 
7.04 
7.18 
7. 31 
7.46 

7. 59 
7.73 
7.87 


6. 32 
6.47 
6.63 
6.79 
6.95 
7.11 
7.28 
7 44 
7! 61 

7. 77 
7.94 
8. 11 
8.28 
8. 45 
8.62 

8. 80 

8. 97 
9. 15 
9.33 
9.51 
9.69 

9. 87 
10.06 
10.23 
10.42 


■ 1.27 
1.28 
1.29 
1.30 
1.31 
1. 32 
1.33 
1.34 
1.35 
1.36 
1.37 
1.38 
1.39 
1.40 
1.41 
1.42 
1.43 
1.44 
1.46 
1.46 
1.47 
1.48 
1. 49 
1.60 


16i 

16-1 

16i 

161 

16i 

16+} 

16« 

16A 

16A 

16A 

16A 

16A 

16H 

16« 

16H 

17A 

17A 

17i 

174 

17* 

171 

17| 

m 

18 








14. 66 
14.74 
14.92 
15. 11 
16.29 

15. 46 
16.64 
15. 82 
16.01 
16.19 
16.37 
16.67 
16.75 
16.94 
17. 13 
17.31 
17.51 
17.70 
17.89 
18.08 
18.28 
18. 47 
18.66 
18.85 


19.17 
19.41 
19.65 
19.88 
20 12 
20.34 
20.68 
20. 82 
21.06 
21.29 
21.53 
21.78 
22 02 
22.27 
22.61 
22.75 
23.01 
23.26 
23.50 
23.75 
24.01 
24.26 
24.60 
24.78 
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Tablb 7. — Discharge table for 90° triangular notch with complete contractions 
Computed from tne formula Q=2.49 



Head in 

f66t 


Head in 
inches 


Discharge 
in second- 
feet (Q) 


Head iu 
feet 


Head in 
in^es 


Discharge 
in second- 
feet (Q) 


Head in 
feet 


Head in 
indies 


Discharge 
in second- 
feet (Q) 


0.20 


2f 


0.046 


0.66 


61 


0.664 


0.90 


lOH 


1.92 


.21 




.062 


.66 




.690 


.91 


lOH 


1.97 


.22 
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TABLE OF BTDBAIIUC EQCITAI^NTS 

1 cubic foot equals 7.48 gallons, or approximately 7i gallons. 
1 cubic foot of water weighs approximately 624 pounds. 

1 cubic foot per second equals 448,83 gallons per minute, or approximately 
450 gallons per minute. 

1 cubic foot per second flowing for 1 hour equals approximately 1 acre-inch. 
1 cubic foot per second flowing for 12 hours equals approximately 1 acre-foot. 
1 cubic foot per second flowing for 24 hours equals approximately 2 acre-feet. 
1 acre-foot equals 43,560 cubic feet, equals 325,851 gallons. 
1,000,000 cubic feet equals 22.95 acre-feet. 

In Arizona, Nevada, Montana, Oregon, and parts of California 1 
miner's inch, (statutory inch) equals oi \ cubic foot per second. 

In southern California, Idaho, Kansas, New Mexico, North 
Dakota, South Dakota, Nebraska, and Utah 1 miner's inch (statutory 
inch) equals of \ cubic foot per second. 

In Colorado it is generally assumed that 1 cubic foot per second 
equals 38.4 miner's inches (statutory inches). 
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